Two-dimensional (2D) topological materials (TMs) have attracted tremendous attention due to the promise of revolutionary devices with non-dissipative electric or spin currents. Unfortunately, the scarcity of 2D TMs holds back the experimental realization of such devices. In this work, based on our recently developed, highly efficient TM discovery algorithm using symmetry indicators, we explore the possible 2D TMs in all non-magnetic compounds in four recently proposed materials databases for possible 2D materials. We identify hundreds of 2D TM candidates, including 205 topological (crystalline) insulators and 299 topological semimetals. In particular, we highlight MoS, with a mirror Chern number of -4, as a possible experimental platform for studying the interaction-induced modification to the topological classification of materials. Our results winnow out the topologically interesting 2D materials from these databases and provide a TM gene pool which for further experimental studies.
Introduction
The past decade has seen a rapid growth of research interest in topological materials (TMs) in which the exotic electronic states may provide a new avenue for spintronics, quantum computation and many other potential device applications [1, 2] . Currently, a large number of weakly correlated three-dimensional (3D) TMs have been theoretically proposed and some of them have been experimentally confirmed, including topological insulators (TIs) [1, 2] , topological crystalline insulators (TCIs) [3] , topological semimetals (TSMs) [4, 5] , and various other topological phases with more refined differences in fermiology [6] [7] [8] [9] [10] [11] [12] [13] .
Compared to their 3D counterparts, two-dimensional (2D) TMs could be better suited for technological applications due to their reduced dimensionality, especially in devices utilizing coherent spin transport [1, 2, 14] . For instance, the one-dimensional topologically protected edge states of 2D TMs should be more immune to undesired backscattering. Furthermore, 2D materials can be readily assembled into a myriad of heterostructures with highly tunable physical properties [15, 16] . However, very few 2D TIs have been experimental realized yet despite the large number of theoretical proposals [14, [17] [18] [19] [20] [21] [22] . The well-known examples are HgTe/CdTe and InAs/GaSb/AlSb quantum well systems [23, 24] . Unfortunately, due to a small nontrivial bulk band gap it is challenging to leverage their topological characters for technological applications. Recently, signatures of the quantum spin Hall effect in thin film WTe2 have also been reported [25, 26] . But WTe2 has significant elastic scattering in the edge, which hampers its applications [25] . In addition, even less experimental progress has been made on 2D TCI [27] and TSM [28] .
Such scarcity for experimental materials platforms can be partly attributed to the fact that the study of 2D materials is a relatively young field, with most of the recent development stimulated by the mechanical exfoliation of graphene in 2004 [29] . Since then, research interest in studying 2D materials has grown exponentially and dozens of 2D materials have been successfully synthesized [15, 16] , with notable examples being the graphene family with honeycomb structures, transition metal dichalcogenides, and metal halides. To further expand on the families of 2D materials, several databases for potential 2D crystals were recently developed by either studying the prospect of exfoliating atomically thin layers from 3D parent compounds [30] [31] [32] , or by the combinatorial lattice decoration of known crystal structure prototypes [33] . Compared with the early 2D materials databases which are scarce and less developed, these four databases are more comprehensive and provide a basis for the large-scale prediction for 2D TMs.
In this work, we perform a comprehensive search for 2D TMs in these databases. While TMs discovery using conventional wave-function-based method is computationally costly, we circumvent this difficulty by adopting a symmetry-based perspective---an approach that has recently been successfully applied to 3D TMs discovery [34] [35] [36] . More specifically, we apply the highly efficient algorithm [37] based on the theory of symmetry indicators (SIs) of band topology [38] , which allows for the detection of TIs, TCIs, and TSMs in a single calculation, to perform a systematic search for TMs candidates. Of the 3471 entries in these four databases [30] [31] [32] [33] , we found that 7.7% of them are candidates for T(C)Is, and 11.2% for TSMs 1 . Note that, there are some unavoidable overlaps across the entries in these different 2D databases, i.e., some nominally different entries only differ in a small difference in lattice constants or atomic positions. Such overlapping entries are particularly promising for they are identified through independent methods. We provide a list of all the 2D TM candidates in the SM, in which materials entries with almost the same structure are considered as a single candidate in counting. In particular, we identify 20 TIs with a full band gap of at least 25 meV, the scale of room temperature. In addition, we identify MoS as a potential material realization of a TCI with a mirror Chern number of -4, which could provide a first experimental platform for the study of how strong electron-electron interactions can modify the topological classification of materials [39] . Our results provide a topological characterization of the potential 2D materials in the mentioned databases [30] [31] [32] [33] , which could guide the experimental realization of new families of 2D topological materials.
2D topological phases and symmetry indicators
In the presence of spin-orbit coupling (SOC), a 2D nonmagnetic topological (crystalline) insulator with stable 1D edge modes is essentially characterized 2 by a nontrivial Z2 Kane-Mele index and/ or a mirror Chern number (MCN) [1] [2] [3] [4] [5] . The MCN is well-defined as long as there is a mirror symmetry with respect to the plane parallel to the crystal. For non-interacting electrons, the MCN can take any integer value like the Chern number; however, in the presence of electron-electron interactions, insulators with MCN = ±4, ±8, … become smoothly connected to the trivial phase [39] . In this work, we focus exclusively on 2D crystalline materials whose symmetries can be described by one of the 80 layer groups (LGs), and apply the theory of symmetry indicators of band topology [37, 38] to efficiently identify TM candidates from the symmetry properties of their Bloch wave functions. For brevity, in the following we only provide a quick review of the key ideas behind the diagnosis, and relegate the more elaborated discussions to the Methods and SM.
Given any crystalline material, one can compute how the electronic Bloch wave functions transform under the spatial symmetries at the high-symmetry momenta. As demonstrated in Refs. [38, 40] , this data can be succinctly summarized into an integer-valued vector, which can then be expanded with respect to the bases computed from the set of all possible atomic insulators with the same spatial symmetries [37, 38] . In other words, to any crystalline material we can associate a set of expansion coefficients q [37] . The symmetry indicator (SI) is readily obtained from q (Methods) and allows one to identify materials that are definitely nontrivial. Given a fixed symmetry group, the SIs form an abelian group which we denote by X BS, and a non-zero SI indicates a nontrivial topological (crystalline) insulator. In Table I , we summarize the relation between XBS and the 2D topological indices. In particular, if the MCN of the crystal can be defined, the Z2 TI index is equivalent to the parity of the MCN [27] . Correspondingly, if XBS is Z2, Z4, or Z6, the odd SI corresponding to a TI phase with an odd MCN, while the nonzero even SI indicate a TCI phase with an even MCN but not a Z2 TI index (Table I) ; however, if XBS is Z3, the parity of the MCN cannot be diagnosed from the SI alone. For such cases, one needs a further calculation of the MCN to extract the Z2 index.
In the following, we will discuss several typical representative TMs candidates in details to illustrate how 2D TMs can be identified using the symmetry indicators. 
2D topological insulators
We first discuss three materials crystallizing in LG 78: WO, PdSe2 and PdS2. They are non-centrosymmetric and so their topological characters cannot be diagnosed through the Fu-Kane parity criterion [42] . Nevertheless, the SI method allows us to efficiently uncover their nontrivial band topology. WO crystallizes in LG 78 with a hexagonal structure, and has two formula units in the primitive unit cell. There are three high symmetry points (HSPs) in the Brillouin zone for LG 78, which are Γ, M and K. The dispersion along all the high-symmetry paths from GGA calculation is shown in Fig. 1(a) . Our numerical results show that O 2p orbitals are mainly located at the energy range -8 to -4 eV, the energy range near Fermi level is dominated by W 5d states, and this material has a full band gap of around 44 meV. As shown in Fig. 1(a) , the direct gaps at M and K points in WO are relatively big and there is a likely band inversion between the upper and lower states around the Fermi level at Γ point. Usually, standard GGA calculations underestimate the band gap, thus we also perform HSE06 calculations to cross-check the results. Though band structures from GGA and HSE06 calculations for WO have some differences, most notably in the sizes of band gaps, we find the same diagnosis on band topology from the two methods. As shown in Fig. 1(b) , the results from HSE06 calculation strengthen the band dispersion but do not change the band ordering. The estimated value of band gap from HSE06 calculation is 375 meV, while the strength of the band inversion at Γ point is also enhanced.
To prove that WO is topologically nontrivial beyond the heuristics of band inversion, we characterize it using the method of symmetry indicators [37] .
LG78 has 7 AI basis vectors (i.e.
d AI = 7) with the last one owning a common factor 3, and so the SI group XBS is Z3 [38] . Based on the wave functions from GGA and HSE06 calculations, we calculate the numbers of occurrences of all the irreducible representations (irreps) of little group for all the occupied bands at the three HSPs, and obtain the vector n (See Methods). Then we expand n with respect to these 7 AI basis vectors. The obtained expansion coefficients from GGA and HSE06 calculations are both q = (4, 0, 0, 1, 2, 1, 2/3). The last coefficient of 2/3 translates into SI = 2 in Z3, which implies WO must have a nonzero MCN [43, 44] .
We also extend the SI analysis to study the effect of changes in the band ordering near the Fermi level, which allows us to assess the robustness of our prediction. As shown in Fig. 1(a) , the bands at M and K points are far away from the Fermi level and therefore we focus on the bands near Fermi level at Γ point. Due to time-reversal symmetry, all the bands are doubly degenerate at Γ point. As shown in Fig. 1(b) , we label the bands near the Fermi level at Γ point by 1, 2, 3, 4 and 5 in order of their energies, where bands 2 and 3 have almost the same energy. The point group of Γ in LG 78 is D3h and the bands labelled by 1, 2, 3, 4 and 5 are found to correspond to three different irreps, where the 2 nd and 5 th bands share the same irrep, and the 3 rd and 4 th bands share another irrep (see Table I in SM). Note that while an external field or strain may change the band ordering near the Fermi level, a band switching between the top of valence band and the bottom of conduction band (i.e. the 3 rd and 4 th bands in Fig. 1(b) ) does not change the SI of the material, implying it must remain topological. Furthermore, a band switching between the 2 nd the 4 th bands would turn this material to be another topological phase with SI = 1 (see Table III in SM) . Considering all the possible switches in the labelled bands, we find that WO could have a trivial SI only if the band switching occurs between the 1 st and 4 th bands, or the 3 rd and 5 th bands, both of which are unlikely under small perturbations. Thus, the topological nature of this material is likely robust to the presence of external field or strain.
Within the same LG 78, we find that PdX2 (X = S, Se) also have SI = 2 in Z3. This indicates that they are topological (crystalline) insulators with nonzero MCNs. They again take a hexagonal structure with two formula units in each primitive unit cell. We perform the GGA calculation for PdS2, and show its band structures in Fig. 1(c) . The bands around Fermi energy mainly come from Pd 4d states and the band gap is estimated to be about 13 meV. As shown in Fig. 1(d) , HSE06 calculations strengthen the band dispersions and enlarge the splitting in Gamma point around Fermi level for PdS2. The results from HSE06 calculations predict a larger gap of about 337 meV with the topological properties unaltered. For PdSe2, which can be considered as substituting S ions in PdS2 by Se ions, the band gap could be even larger. As shown in Fig. 1 (e) and 1(f), the band gap from GGA calculation for PdSe2 is 246 meV while HSE06 calculation predicts a much larger value of 506 meV. Though PdSe2 has a much larger band gap than PdS2, the band dispersions for these two materials are similar.
While the SI method allows us to efficiently prove that the MCNs WO and PdX2 are nonzero, as shown in Table 1 and discussed in the preceding section, we cannot determine if they are TIs protected solely by time-reversal symmetry, or are TCIs protected by the mirror. To this end, we compute their MCNs using the hybrid Wannier center method [45] , and found them to be -1 for all three materials (see SM for details). This implies they are all 2D TIs.
We also consider LGs with XBS being Z2, Z4 or Z6. For such LGs, one can directly distinguish TIs from TCIs simply by the parity of the SI as shown in Table I . We reiterate that the parity of the SI in these cases is essentially identical to the Fu-Kane criterion [42] . Based on GGA calculations, we find that XO (X=W, Zr) crystallizing in LG 64 are 2D TIs, whose SI is found to be 1 within the Z2 SI group. In the case of Z4 SI group, we find some 2D TIs such as CdTe and ZnTe crystallizing in LG 61. In the case of Z6 SI group, Si3P crystallizing in LG 80 is found to be a 2D TI with SI being 1. We also perform HSE06 calculations for these materials, and the results of topological properties are consistent with the standard GGA calculations. As a sanity check, we note that the well-known 2D TIs graphene (with SOC) [29] and WTe2 series [19] are also identified as TIs in our algorithm (Table I ).
2D topological crystalline insulators
Apart from TIs, 2D TCIs can also be discovered using the SI method [37] . In our context, such TCIs are essentially materials with even MCNs. We reiterate that, here, we focus on TCIs with robust symmetry-protected edge states. As shown in Table I , these TCIs can be uncovered when SI group of the corresponding LG is Z3, Z4 or Z6, but for the Z3 case one has to further evaluate the MCN to ensure it is even. We first discuss an example material candidate in LG 78, whose SI group is Z3. MoS crystallizes in a hexagonal structure and have two formula units in each primitive unit cell. We perform GGA calculation and show the electronic band structures in Fig. 2(a) . GGA calculation suggests that MoS has a continuous direct gap everywhere in the Brillouin zone. The bands around the Fermi energy mainly come from Mo-4d states, whereas the S-3p states are mainly located between -6 and -2 eV. However, due to strong hybridization with the Mo-4d states, the S-3p states also show significant contribution to states at 3 eV above the Fermi level. To crosscheck the results, we also perform HSE06 calculations. As shown in Fig 2(b) , within the HSE06 scheme this material is predicted to be an insulator with a full gap about 140 meV. The HSE06 calculation suggests stronger dispersion but does not change the band ordering. Both our GGA and HSE06 calculations give the expansion coefficients q = (4, 0, 0, 1, 2, 1, 2/3) (See SM for all the AI basis vectors), which again translates into a nonzero SI of 2 in Z3. Similar to the discussion above for WO in LG 78, we study the topological features by analyzing the bands at Γ point. From an analysis on how a change in the band ordering might affect the SI (see SM for details), one concludes that MoS is also a robust TM with respect to small perturbations. To further verify that MoS is a TCI instead of a TI, we compute its MCN within GGA calculation, and found it to be -4 (see SM for details). This highlights MoS as a particularly interesting material for the study on the interplay between electron-electron correlations and the topological classification of phases of matter [39] .
We also discovered several TCIs within LGs with the SI group being Z4 or Z6. Here, we highlight two particular candidates. First, we find a SI of 2 in Z4 for the SnTe series crystalizing in LG 61. This is consistent with the previous characterization of the system as a 2D TCI with even MCN [41] . Second, we also identify MoN in LG 80 as a TCI from its SI of 4 in Z6. The SI method is equally well-suited for the discovery of TSMs [37] . Generally, the (4-fold degenerate) Dirac points require protection from crystalline symmetries. Unlike in 3D systems, 2D materials naturally have a smaller set of crystalline symmetries, and thus 2D Dirac materials candidates are rare when SOC is considered. Here, we identify TaX2 (X = Br, I) as a 2D Dirac semimetal with non-negligible SOC. TaX2 (X = Br, I) crystallizes in LG 15 with a rectangular structure, and has two formula units in the primitive unit cell. The electronic band structure for TaBr2 is shown in Fig. 3 . The bands around the Fermi level are mainly coming from Ta 5d orbitals.
2D topological semimetals
Four-fold band crossings, protected by a non-symmorphic 2-fold screw rotation ( 2 � ) and inversion symmetries, are found near the Fermi surface at momenta S and X 3 . We remark that, in fact, TaX2 is a filling-enforced semimetal [46] as the states at X and S are all four-fold degenerate, and there are 38 valence electrons per unit cell. Further symmetry analyses show that energy dispersion around S or X is linear in all directions.
Conclusions and Discussions
To conclude, we have found 205 T(C)Is and 299 TSMs, among which 20 TIs have full band gaps that are larger than 25 meV, the energy scale corresponding to room temperature. These candidates are listed in the SM alongside with the computed band gaps. Note that, as shown in the SM, some overlapping entries across the databases [30] [31] [32] [33] are consistently identified to be topological in spite of their slight structural differences. These materials are particularly promising candidates and deserve future comprehensive study. We also list 12 small gap (< 50 meV) ordinary insulator materials in the SM since 2D system is sensitive to external perturbation so that their physical properties and topological characters could be changed by the application of a small external field or strain, a desired feature for functional materials. In addition, we identify MoS as a possible candidate for the experimental study of how electron-electron interactions can affect the topological classification of phases of matter. To aid the SI analysis of any future 2D materials, we also provide the explicit AI basis vectors for the 80 LGs in the SM. We expect the 2D materials candidates highlighted in this work to provide a gene pool which could expedite the integration of 2D TMs in to functional devices. 
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Methods
The first-principles calculations are performed by using the projector-augmented wave method and a plane wave basis set as implemented in the Vienna ab initio simulation package (vasp) [47] .
The Perdew-Burke-Ernzerhof (PBE) of generalized gradient approximation (GGA) is chosen as the exchange-correlation functional [48] . In our calculations, the cutoff energy of planewaves is set as 500 eV, and a k-mesh of 2D Brillouin zone is set by 60 along each direction, where denotes the length of the lattice constant in Å. The structure file for the materials are made manually by separating single layers and adding a 30 Å vacuum padding in the z-direction. We crosscheck the results in the main text obtained from the standard GGA calculation against those from Hybrid functional calculation (HSE06) [49] . The effect of spin-orbit coupling (SOC) is considered self-consistently in all the calculations.
We first screen out the 1189 magnetic materials entries from the databases [30] [31] [32] [33] with convergent total magnetic moment larger than 0.01 μB, and then apply the SI algorithm [37, 38] to the remaining 2282 non-magnetic 2D entries and extract topological ones in a single sweep by the following steps: 1. First, we generate the atomic insulator (AI) basis vectors: there are 80 layer groups (LGs) in total. For each LG, we construct the corresponding AI basis vectors: , = 1,2, … , AI , where AI is the number of AI basis vectors [38] . The common factor for each AI basis vector is denoted by C . We arrange the AI basis vectors in ascending order of their common factors. For LGs, only the last common factor is larger than 1, and the SI group can be written as X BS = AI [38] .
2. For each 2D material, by the first-principles calculated results and its LG, we calculate = �ν e , n k 1 1 , n k 1 2 , … , n k 2 1 , n k 2 2 , … � from the first ν e bands. Here, ν e is the total number of valence electrons per primitive unit cell. The other integers n k i are the counts of the j-th irreducible representation of the little group G(k i ) at the i-th high-symmetry point k i .
3. Finally, we expand on the AI basis of this LG by = ∑ AI
=1
. If the are all integers, the system could be topologically trivial. If there exists some which is not an integer, then this material must be topological, and furthermore, if all the (q i )'s are integers, the material is a TI/TCI owning integer SI being q i C i mod C i for C i >1 (the corresponding SI of any Ci=1 must be 0), otherwise it is a TSM [37] .
